Isolation and culture of biliary epithelial cells
The epithelial cell lining of the biliary tract is a target in a number human diseases including primary sclerosing cholangitis, biliary atresia, chronic allograft rejection (vanishing bile duct syndrome), graft versus host disease, and primary biliary cirrhosis.1 In some conditions both the intrahepatic and extrahepatic biliary tree may be damaged while in others specific regions of intrahepatic biliary epithelium are involved. Hepatocytes may be isolated as homogenous populations for in vitro studies with relative ease as they form the major cellular compartment of liver. The functions of non-parenchymal cells are less well understood than those of hepatocytes, and research has been hampered by lack of availability of specific nonparenchymal cell types in sufficiently pure form. The study of normal biology and pathobiology of human biliary epithelium has been largely restricted to observations of cells in histological sections. However, difficulties arise in interpreting significance from subjective observations on the small number of cells in sections because they may not be representative of the total cells in the organ as a whole. During the past two decades advances have been made in isolating and culturing both extrahepatic and intrahepatic biliary epithelial cells from a range of mammalian species. Much of the methodology in current useage was developed in rats and this remains the model of choice. More recently significant advances have been made in the culture of human biliary epithelial cells.
Owing to the lack of availability of human tissue for research, there was until recently little potential for isolating human biliary epithelial cells. However, advances in organ allografting have improved access to human tissue, and during the past six years methods have been described for isolating human biliary epithelial cells from extrahepatic ducts,2 3 gall bladder,4 and the intrahepatic biliary tree.5 6 Relatively large numbers of extrahepatic biliary epithelial cells, which require little further purification, can be generated after collagenase treatment of the luminal surface of extrahepatic ducts or gall bladder. An in vitro system for studying interactions between normal human common bile duct epithelium and lymphocytes was established for studying mechanisms of liver allograft rejection.3
The suitability of using cells derived from extrahepatic ducts for the study of Hepatocyte growth factor has been shown to be a potent mitogen in vitro for epithelia from a range of tissues including kidney, breast, lung, and skin4"8; it also induces proliferation of human intrahepatic biliary epithelial cells in vitro. 49 Proliferation was sustained for between three and five months and the cell number increased more than a million fold.50 Cells could be serially subcultured through between seven and nine passages and were cryopreserved in liquid nitrogen with minimal loss of viability upon retrieval. The response of biliary epithelial cells to hepatocyte growth factor is consistent with the distribution of the hepatocyte growth factor receptor (c-Met) which is expressed on the epithelium of major bile ducts in normal human liver. 51 In addition, immunoreactivity of anti-hepatocyte growth factor is localised in bile duct epithelium in human liver and gall bladder.52
Characterisations
The development of defined culture conditions which allow long term culture of biliary epithelial cells allows generation of larger numbers of cells for further studies. However, a problem associated with cultivating cells for prolonged periods is uncertainty about changes that may occur as a result of extended culture. Clonal expansion of a small fraction of the cells in the initial isolate could, after several generations, yield a population of cells with properties different to the major original cell type. For this reason it is important to monitor the purity of biliary epithelial cells both in original isolates and during extended culture using a range of specific markers which distinguish biliary epithelial cells from other cell types of liver.
In vivo biliary epithelial cells are cuboidal or columnar cells which demonstrate polarity having numerous microvilli at the apical pole and nucleus toward the basal region. Junctional complexes and intercellular lacunae are present between adjacent cells.53 Freshly isolated biliary epithelial cells have ultrastructural characteristics consistent with their appearance in vivo.5 54 However, in long term monolayer culture the cells become flattened, intercellular connections break down, and polarity is lost. Specialised substrata for anchorage, for example gels of collagen,39 laminin rich extracellular matrix (matrigel,32), or permeable supports (Joplin, unpublished data) are effective in maintaining polarity for longer. In collagen gel, long term cultures of biliary epithelial cells maintained epithelial morphology and formed three dimensional ductular structures with discemable lumen. 39 Clearly, the local environment with which a cell is in contact is important for maintaining a well differentiated morphology. Furthermore, the growing surface may also be important in regulating phenotype. The phenotypic profile of biliary epithelial cells includes cytokeratins 7 and 19, gamma glutamyl tansferase (not mouse), and human epithelial antigen, glycoprotein 34 
